INTRODUCTION {#s1}
============

Serum and glucocorticoid-inducible kinase (SGK)1is an AGC protein kinase of the SGK family, which can be triggered in response to a variety of physiological and pathological stimuli \[[@R1]\]. Physiologically, SGK1 can be triggered by hyperosmotic cell shrinkage such as dehydration \[[@R2]\] and a modest increase of extracellular salt concentration \[[@R3]\]; and several hormones and mediators (cytokines), such as glucocorticoids \[[@R4]\], mineralocorticoids \[[@R5]\] transforming growth factor β \[[@R6]\] and interleukin (IL)-6 \[[@R7]\]. SGK1 transcription can be regulated by different signaling including cytosolic Ca^2+^, cyclic AMP, stress-activated protein kinase (SAPK2, p38 kinase), protein kinase C, and extracellular signal-regulated kinase (ERK)1/2, and be activated by insulin, insulin-like growth factor (IGF)1, and hepatic growth factor (HGF) \[[@R8]\].

SGK1 can also be enhanced in some pathological conditions, including diabetes, dialysis, glomerulonephritis, liver cirrhosis and malignancies \[[@R1]\]. High levels of SGK1 expression have been observed in several tumors \[[@R8], [@R9]\], including colon cancer \[[@R10]\], myeloma \[[@R7]\], ovarian tumor \[[@R11]\], and non-small cell lung cancer \[[@R12]\]. SGK1 may support survival of tumor cells by counteracting apoptosis via phosphorylation, and thus inhibits glycogen synthase kinase 3, which downregulate oncogenic β-catenin \[[@R13], [@R14]\].

However, the above description concerning the role of SGK1 was discovered within tumor cells, and the role of SGK1 in the tumor microenvironment is less reported. A few studies have addressed the role of SGK1 in T cell differentiation. SGK1 upregulates pathogenic IL-23-dependent IL-17-producing CD4^+^ helper T cells (Th17 cells), which play a decisive role in autoimmune disease and malignancy \[[@R15], [@R16]\]. Recently, Heipamp et al. have found that after activation by mammalian target of rapamycin complex 2, SGK1 promotes Th2differentiation by negatively regulating degradation of the transcription factor JunB mediated by the E3 ligase Nedd4-2. Simultaneously, SGK1 repressed sproduction of interferon (IFN)-γ by controlling expression of the long isoform of the transcription factor TCF-1 \[[@R17]\]. Although biological feature of SGK1 have been addressed systemically, the up-stream regulation of SGK1 was rare documented, especially those non-coding RNA.

The long non-coding RNAs (lncRNAs) were reported as a biomarker for predicting survival, metastasis, and in the diagnosis of multiple diseases \[[@R18], [@R19]\]. The functional effects of lncRNA have been widely recognized, including regulating gene expression through modulation of chromatin remodeling, controlling of gene transcription, post-transcriptional mRNA processing, protein function or localization, and intercellular signaling \[[@R20]--[@R22]\]. To characterize the relationships of lncRNA and protein coding RNA, researchers have defined a "Flank10kb" theory which means lncRNA genes mapping within 10 kb of a known annotatedgene (NCBI RefSeq or UCSC Known Genes) on thesame genomic strand. The overlapped lncRNA tended to interact with protein through *acis*-regulatory process. Interestingly, we found a lncRNA (LOC105378009) located in the upstream of SGK1 promoter region within 10kb space, therefore, in the present study, we sought to investigate the role of SGK1 within T cells of patients with gastric cancer (GC), and the association between SGK1 and LOC105378009 as well as the characteristics of GC and their potential prediction value for diagnosis or prognosis.

RESULTS {#s2}
=======

LOC105378009 promoted the SGK1 expression in a *cis*-regulation {#s2_1}
---------------------------------------------------------------

Since the upregulation of SGK1 has been identified causing the Th2/Th17 shift, we further aimed to investigate the potential simulating factors of SGK1. Bioinformatics analyses recently have reported an underlying method to discover the putative candidate genes in which a "Flank10kb" analysis was described \[[@R23]\]. The novel analysis revealed that over 65% of lncRNA genes were located within 10 kb of known, primarily protein-coding genes. They suggested that *cis*-regulatory relationships may exist between lncRNAs and known genes. According to the bioinformatics analyses, LOC105378009 was located upstream of SGK1, with a spacing of about 5 kb ([Supplementary Figure 1](#SD1){ref-type="supplementary-material"}) which was within the Flank10K class. We proposed that the long non-coding RNA, LOC105378009, located in the up-stream of SGK1, might regulate the expression SGK1 through a *cis*-regulation. Gal4-λN/BoxB reporter system was employed as described previously to explore whether LOC105378009 regulated SGK1 as a *cis*-pattern \[[@R24]\]. In this system, the BoxB RNA stem loop is fused to LOC105378009; LUNAR1 was used as a positive control. The plasmid encoding a TK-luciferase gene under the control of five GAL4 UAS sites was co-transfected with plasmids encoding GAL4-λNpeptide as described above (Figure [1A](#F1){ref-type="fig"}). Ranilla luciferase was regarded as control in this system. The binding of Gal4-λN fusion was confirmed firstly (Figure [1B](#F1){ref-type="fig"}). Luciferase activity after co-transfection of the system indicated that tethering LOC105378009 to this reporter gene could stimulate transcription of the reporter to a similar degree as LUNAR1 indicating that LOC105378009 could function as a transcription activator (Figure [1C](#F1){ref-type="fig"}).

![LOC105378009 promoted the SGK1 expression in a *cis*-regulation\
**A.** The schematic system for Gal4-λN/BoxB reporter system. **B.** Percentage of the binding ability of Gal4-λN fusion by ChIP. **C.** The knock-down of LOC105378009 by ASO technology. **D.** Reporter assay showing relative reporter gene activity when BoxB-NALT was co-transfected with either control or ASO targeting LOC105378009. **E.** The luciferase reporter activity in experiments where BoxB-tagged LOC105378009(right) or Lnc-NALT (left) were co-transfected with Gal4-lN. Data was normalized to Ranilla luciferase. Data presented as the Mean ± SEM.](oncotarget-07-20549-g001){#F1}

Further antisense oligonucleotides (ASO) targeting LOC105378009 was designed, we found that the activation affection was significantly reduced comparing to control group (Figure [1D](#F1){ref-type="fig"}, [1E](#F1){ref-type="fig"}). From this study we confirmed that there is a Lnc-RNA, LOC105378009 located in the up-stream of SGK1, which can promote SGK1 expression via cis-regulatory mode, thus we nominate this lnc-RNA as Lnc-SGK1.

Lnc-SGK1 and SGK1 expression was enhanced in HSD and *Helicobacter pylori* infection GC patients {#s2_2}
------------------------------------------------------------------------------------------------

To investigate the distribution of Lnc-SGK1 and SGK1 in human GC, 245 tumor tissues and adjacent normal tissues were analyzed. GC and normal tissues both expressed SGK1, especially in the parenchymal cells. However, expression of SGK1 was increased significantly in GC compared with both tumor adjacent tissues and normal tissues (Figure [2A](#F2){ref-type="fig"}). It was attractive that the difference in SGK1 expression in non-parenchymal cells between GC and normal tissues was evident (Figure [2A](#F2){ref-type="fig"}).

![Lnc-SGK1 and SGK1 expression was enhanced in human GC, especially in infiltrating T cells\
**A.** Immunohistochemicalstaining of SGK1 in human GC, adjacent tissues and normal gastric cancers. Average integrated optical density was obtained by analyzing five fields for each slide evaluated by Image-Pro Plus software (version 5.0) for immunohistochemistry of SGK1 (*n* = 245 for Gastric Cancer tissues (GCs) and Adjacent tissues (Ad GCs), *n* = 118 for Normal tissues). **B, C.** Expression of SGK1 and Lnc-SGK1 was determined by real-time PCR in infiltrating T cells within the tumor (GC TILs), infiltrating T cells within adjacent normal tissues (Ad TILs), PBMCs of GC patients (PBMCs), and PBMCs from healthy controls (Healthy control). Relative expression of SGK1 and lnc-SGK1 in TILs from GC patients with or without *H. pylori* infection **D.**, HSD **E.**, and combined factors **F**. The upper panel indicated the SGK1 expession while the lower indicated lnc-SGK1. All data presented as mean±SD, \*\**P* \< 0.01 by unpaired Student\'s *t* test.](oncotarget-07-20549-g002){#F2}

Next, Expression of both SGK1 and Lnc-SGK1 was determined by real-time PCR. Lnc-SGK1 and SGK1 transcription was significantly higher in GC tumor infiltration cells (TILS) than adjacent normal tissue and peripheral blood mononuclear cells (PBMCs). A significant difference was also found for Lnc-SGK1 and SGK1 expression between the healthy control and GC PBMCs groups (Figure [2B](#F2){ref-type="fig"}, [2C](#F2){ref-type="fig"}).

SGK1 and Lnc-SGK1 expression in peripheral T cell of patients with *H. pylori* infection (Hp Pos., 187 cases) was higher than in those without infection (Hp. Neg., 58 cases) (Figure [2D](#F2){ref-type="fig"}). Similarly, peripheral T cells from GC patients with HSD (HsDiet 118 cases) also have significantly stronger SGK1 and Lnc-SGK1 expression than patients without HSD (Non-HsDiet 127 cases) (Figure [2E](#F2){ref-type="fig"}). In general, *H. pylori* infection and HSD are risk factors for human GC related to SGK1 expression according to the clinical data.

Furthermore, the 245 GC patients were subdivided into four groups according to the two risk factors: *H. pylori* infection and HSD: Hp.Pos+HsDiet: 85 cases; Hp.Pos+Non-HsDiet: 102cases; Hp.Neg+HsDiet: 33 cases; and Hp.Neg+Non-HsDiet: 25 cases. Expression of SGK1 in T cells in each group was compared. Hp.Pos+HsDiet patients had the highest Lnc-SGK1 and SGK1 expression among these four groups. There was no significant difference between Hp.Pos.+Non-HsDiet and Hp.Neg.+HsDiet, which might implied that *H. pylori* infection and HSD contribute equally to overexpression of SGK1 and Lnc-SGK1. The Hp.Neg.+Non-HsDiet group had the lowest expression of lnc-SGK1and SGK1, while still significantly higher than in the healthy controls (Figure [2F](#F2){ref-type="fig"}).

In summary, T cell SGK1 expression in human GC is related to *H. pylori* infection and HSD. However, what high SGK1 expression in T cells implies requires further investigation.

High salt and *H. pylori* lysate can up-regulate SGK1 and Lnc-SGk1 expression {#s2_3}
-----------------------------------------------------------------------------

In order to investigate high salt diet and *H. pylori* infection whether have effect on SGK1 as well as Lnc-SGK1 expression in T cells, *in vitro* experiment were designed. First, SGK1 transcription increased significantly in T cells treated with different concentration of NaCl (Figure [3A](#F3){ref-type="fig"}), in 20nM the SGK1 expression raised slightly, when the concentration up to 40nM, more dramatically increase of SGK1 was observed however, no apparent change was found when the concentration was up to 80nM. *H. pylori* infection can similarly increase SGK1 expression (Figure [3B](#F3){ref-type="fig"}), when T cell was co-cultured with *H. pylori* lysate, transcription of SGK1 increased significantly, and moreover, the stimulation was *H. pylori* specific, because lysate of *E.coli* cannot up-regulate SGK1 transcription.

![High salt and Hp lysate can up regulate SGK1 and Lnc-SGk1 expression\
**A-D.** T cells were treated with either different concentration of NaCl or Hp and E. coli lysate and then the expression of both SGK1 and Lnc-SGK1 was detected by real-time PCR. **E-F.** T cells were modified with specific siRNA to SGK1 and JunB, and next the T cells were treated with 40nM NaCl and Hp lysate. **G.** T cells was transected with Lnc-SGK1 and treated with 40nM NaCl and Hp lysate the expression of SGK1 and phosphorated JunB was detected by western-blot. **H.** Luciferase reporter analysis was performed using promoter 2Kb ahead of start code; mutagenesis was performed based on different JunB binding sites. Each experiment was performed three times separately, P \< 0.05 was considered as significance.](oncotarget-07-20549-g003){#F3}

Meanwhile, the effect of NaCl and *H. pylori* infection on transcription of Lnc-SGK1 were also been detected, similar to SGK1, increased NaCl concentration and *H. pylori* lysate can specifically increase the transcription of Lnc-SGK1 (Figure [3C](#F3){ref-type="fig"}, [3D](#F3){ref-type="fig"}). In order to investigate whether up-regulation of Lnc-SGK1 was SGK1/JunB dependent, specific siRNA was designed. Lnc-SGK1 expression was accessed with the condition of high salt and *Hp* infection. When SGK1 or JunB was knockdown by their specific siRNA, enhanced expression of Lnc-SGK1 was not observed with the treatment of either high salt or *Hp* infection (Figure [3E](#F3){ref-type="fig"}, [3F](#F3){ref-type="fig"}).

Moreover, as we presented above, existence of Lnc-SGK1 can up-regulate SGK1 transcription by a *cis* regulatory mode, which was further confirmed by western-blot, plus SGK1 can activate JunB which is a transcriptional factor for Lnc-SGK1 (Figure [3G](#F3){ref-type="fig"}, [3H](#F3){ref-type="fig"} and [supplementary Figure 2](#SD1){ref-type="supplementary-material"}). Thus, we can find a loop here, stimulus from outside such as high salt and *H. pylori* infection can enhance expression of SGK1 and activate JunB, activation of JunB can in turn up-regulate transcription of Lnc-SGK1, and enhancement of Lnc-SGK1 can not only increase SGK1 expression but also enrich the activation of JnuB, especially with the treatment of NaCl and *H. pylori* infection (Figure [3E](#F3){ref-type="fig"}, [3F](#F3){ref-type="fig"}). The effect of Lnc-SGK1 in T cell should be further studied.

Lnc-SGK1 can promote Th2 and Th17 differentiation through SGK1/JunB signaling {#s2_4}
-----------------------------------------------------------------------------

In order to investigate the effect of Lnc-SGK1 on T help cell differentiation, polarization stimulation was performed according to previous condition. First it was similar to previous publication that overexpression of SGK1 in T cells can promote Th2 and Th17 differentiation meanwhile the differentiation of Th1 was significantly suppressed (Figure [4A](#F4){ref-type="fig"}). Next, overexpression of Lnc-SGK1 further enhanced Th2 and Th17 differentiation by up-regulation of SGK1. In order to investigate that the effect of SGK1 was depend on SGK1/JunB signaling, SGK1 and JunB was respectively knocked down by siRNA, interestingly, percentage of Th1 cells increased significantly and have no difference compared to control group, while the percentage of both Th2 and Th17 went down significantly (Figure [4A](#F4){ref-type="fig"}). Furthermore, the hall mark transcription factors were detected by western-blot which can verified the results of polarization stimulation. T-bet increased with either SGK1 or JunB were knocked down and GATA3 and RORγt were decreased even when Lnc-SGK1 was overexpressed (Figure [4B](#F4){ref-type="fig"}). All above might indicated that Lnc-SGK1 could promote Th2 and Th17 cell differentiation just depended on SGK1/JunB signaling.

![Lnc-SGK1 can promote Th2 and Th17 differentiation through SGK1/JunB signaling\
**A.** Polarization stimulations were carried out to Th1 Th2 and Th17 respectively, T cells was transected indicated in the figure, the percentage of each cells was determined by flow cytometry. **B.** Transcriptional factor of different type of T help cell were determined by western-blot in polarization stimulated T cells modified indicated in the figure. T cells modified indicating in the figure and co-culture with either NaCl and Hp lysate, the percentage of Th1, Th2 and Th17 were respectively determined by flow cytometry and presented in figure **C**, **D** and **E.** Moreover, the transcriptional factors of T helper cell were detected by western-blot and further presented in **F.** Each experiment was performed three times separately, P \< 0.05 was considered as significance.](oncotarget-07-20549-g004){#F4}

In order to further investigate the roles of Lnc-SGK1 on T cell differentiation during high salt concentration or *H. pylori* infection, the T cells was treated with 40nM Nacl and *H. pylori* lysate. The percentage of Th2 and Th17 increased and Th1 decreased, in both T cells transfected with Lnc-SGK1 and SGK1, however, when JunB was knocked down by siRNA, the increase of Th2 and Th17 was attenuated and the percentage of Th1 increased (Figure [4C](#F4){ref-type="fig"}--[4E](#F4){ref-type="fig"}), which might implied that enhancement of both Lnc-SGK1 and SGK1 on Th2 and Th17 differentiation was depended on JunB activation. And last, the transcriptional factor of each Th cells was determined by western-blot, and indicated the same result as flow cytometer (Figure [4F](#F4){ref-type="fig"}).

Serum Lnc-SGK1 were negative prognostic indicators and ideal diagnostic indicators in GC {#s2_5}
----------------------------------------------------------------------------------------

Because serum lncRNA was reported to be indicator of various diseases recently, we also accessed lnc-SGK1 in the serum of GC patients. Assessment of the 95% confidence interval (CI) in the healthy control group indicated that 0.173 was the threshold from discriminating normal from elevated systemic levels in the serum. The 245 GC patients were divided into two groups accordingly: ≤0.173 (93cases, SGK1^Low^) and \>0.173 (152 cases, SGK1^High^). The overall survival rate was investigated based on follow-up data (Figure [5A](#F5){ref-type="fig"}). There was no significant difference in overall survival (*P* = 0.704) between these two groups. Therefore, Lnc-SGK1 expression in serum of GC patients is not an ideal prognostic indicator in GC (Figure [5B](#F5){ref-type="fig"}).

![*H. pylori* infection and HSD induced SGK1 expression in T cells was an ideal diagnostic and prognostic indicator of GC\
**A.** Expression of SGK1 in PBMCs of GC patients and healthy controls. The threshold discriminating normal from elevated systemic levels was obtained using 95% CI in the healthy controls. **B.** The Kaplan--Meier curve for the overall survival of patientswas presented by using different indicators, such as SGK1 expression. **C.** SGK1 expression combined with *H. pylori* infection and HSD. **D.** ROC curve analysis was conducted for discrimination between cases and controls by the threefactors independently or in combination. AUC is indicated under the curve.](oncotarget-07-20549-g005){#F5}

The patients were divided into groups according to Lnc-SGK1 expression in PBMCs, *H. pylori* infection and HSD. Patients with high/low Lnc-SGK1 expression combined with *H. pylori* infection and/or HSD were divided into six groups: Lnc-SGK1^high^+Hp+HSD (*n* = 59), Lnc-SGK1^high^+Hp (*n* = 48), Lnc-SGK1^high^+HSD (*n* = 45), Lnc-SGK1^low^+NHp+NHSD (*n* = 65), Lnc-SGK1^low^+NHp (*n* = 12) and Lnc-SGK1^low^+NHSD (*n* = 16). We assessed the 5-year survival rate in the four groups with \>40 cases. The 5-year survival rate in the Lnc-SGK1^high^+Hp+HSD group was only 10.27%, which was significantly lower than in the other three groups. There was no significant difference in the 5-year survival rates between the Lnc-SGK1^high^+Hp and Lnc-SGK1^high^+HSD groups. The 5-year survival rate in the Lnc-SGK1^low^+NHp+NHSDgroup was significantly higher than in the other three groups (Figure [5C](#F5){ref-type="fig"}).

ROC curve analysis was performed to assess the diagnostic sensitivity and specificity of SGK1 expression in GC by using risk score functions. The diagnostic value of Lnc-SGK1 expression in PBMCs of GC patients was not ideal, with an area under the curve (AUC) of 0.414(95% CI: 0.300--0.528). The diagnostic value was enhanced by combining with either *H. pylori* infection or HSD. The sensitivity and specificity was the highest using Lnc-SGK1 expression in PBMCs combined with *H. pylori* infection and HSD (AUC: 0.969 95% CI:0.929--1.009), and decreased using Lnc-SGK1+Hp and Lnc-SGK1+HSD (Lnc-SGK1+Hp, AUC: 0.855, 95% CI:0.774--0.937; Lnc-SGK1+HSD, AUC: 0.835, 95% CI:0.749--0.921). However, sensitivity and specificity were better than for *H. pylori* infection and HSD, which are well-known diagnostic indices of GC (*H. pylori*, AUC: 0.730, 95% CI:0.628--0.833; HSD, AUC: 0.640, 95% CI:0.529--0.751) (Figure [5D](#F5){ref-type="fig"}). These results indicated that *H. pylori* infection and HSD induced SGK1 expression were ideal indicators in screening of GC.

DISCUSSION {#s3}
==========

GC is defined as cancer that forms in the tissues lining the stomach. Globally, GC is the fifth leading cause of cancer and the third leading cause of cancer mortality, comprising 7% of cases and 9% of deaths. In 2012 GC occurred in 950,000 people and caused 723,000 deaths \[[@R25]\]. The most common cause is infection by *H.pylori*, which accounts for \>60% of cases \[[@R26], [@R27]\]. HSD is also related to GC and *H. pylori* infection. Salt has been found to increase the growth and action of *H. pylori*, thus increasing the risk of cancer \[[@R28], [@R29]\]. However, in the present study, we found another link between HSD and tumorigenesis of GC. Both *H. pylori* infection and HSD were related to Lnc-SGK1 and SGK1 expression in T cells of GC.

*H. pylori* is specifically adapted to survive in the gastric environment, resulting in the development of gastritis, and recruitment of neutrophils, followed by B and T lymphocytes, macrophages and plasma cells. Consequently, large amounts of reactive oxygen or nitrogen species, involved in epithelial cell damage and carcinogenesis, are generated. However, inflammation is variable, including Th1, Th2, Th17 and regulatory T cell responses \[[@R30]--[@R32]\]. Although *H. pylori*-induced chronic atrophic gastritis is characterized by marked infiltration of Th1 cells, However, Th2 and Th17 were more seriously associated with development of GC. Besides the Th1 response, the Th2 response was still observed in human GC, and was related to the development of *H. pylori*-related cancer. Kido et al. have reported that *H. pylori* can directly trigger epithelial cells to produce thymic stromal lymphopoietin, and in turn mediate dendritic cell activation, which is involved in the Th2 responses that trigger B-cell activation in *H. pylori*-induced gastritis. In our study, the Th2 and Th17 response was confirmed to be dominant in *H. pylori*-positive gastric cancer, which is linked to Lnc-SGK1 and SGK1 was overexpression. In addition, Although T cell Lnc-SGK1 expression was related to tumor size and metastasis, Lnc-SGK1 alone was not sufficient to determine the prognosis of GC. However, Lnc-SGK1 expression in T cells could be a good prognostic indicator in GC when combined with other factors: either *H. pylori* infection or HSD.

HSD can increase the carcinogenesis induced by enhanced gastritis and CagA expression. HSD causes severe gastritis, high gastric pH, increased parietal cell loss, increased gastric expression of IL-1β, and decreased gastric expression of hepcidin and hydrogen potassium ATPase (H,K-ATPase), compared to individuals on a regular diet \[[@R33]\]. These results indicated that HSD potentiates the carcinogenic effects of cagA^+^ *H. pylori* strains \[[@R34]\]. In the present study, we found that Lnc-SGK1, *H. pylori* infection and HSD can serve as an ideal diagnostic indicator in GC. Expression of Lnc-SGK1 was associated with Th2 and Th17 response in GC patients with *H. pylori* infection and/or HSD. Previous studies have suggested the mechanism of the effect of SGK1 on T cell differentiation. Heikamp et al. (2004)have shown that expression of SGK1 in T cells promotes Th2 differentiation. SGK1 is indispensible in upregulating pathogenic IL-23-dependent Th17 cells \[[@R16]\].

In summary, we investigated the expression of Lnc-SGK1 in human GC, and showed that Lnc-SGK1 in combination with *H. pylori* infection and HSD can serve as ideal diagnostic indicator in GC.

MATERIALS AND METHODS {#s4}
=====================

Patients {#s4_1}
--------

A total of 245 paired GC and adjacent tissues were obtained at the time of surgical resection between January 2009 and December 2015 at the People\'s Hospital of Kunshan City, China. Samples were collected in accordance with the principles expressed in the Declaration of Helsinki. Written documented informed consent for gene expression analyses of all tissues was obtained from all patients prior to surgery or endoscopy examination. The study and consent procedures were approved by the Ethics Committee of the First People\'s Hospital of Kunshan City. Judgment of high-salt diet (HSD) intake of GC patients was obtained by questionnaire. In brief, GC patients who whether belong to HSD population was based on Nutrition and Health Survey of Chinese in 2002 published by Chinese ministry of Healthy, people who intake salt over 10g was classified into HSD patients. The patients whether infected with Hp can be determined by Carbon 13 breath test. The detailed clinical characteristics of the 245 GC patients are listed in Table [1](#T1){ref-type="table"}.

###### Clinical characteristics of 245 GC patients

  Patient demographics        Count
  --------------------------- ------------
  **Age, y (range)**          53(31--85)
  **Sex**                     
   Male                       127
   Female                     118
  **Main location**           
   U                          131
   ML                         114
  **Size, cm (range)**        
   \>5                        137
   \<5                        108
  **Depth of invasion**       
   T1/T2                      126
   T3/T4                      119
  **Lauren classification**   
   Intestinal                 119
   Diffuse                    126
  **Lymph node metastasis**   
   Positive                   147
   Negative                   98
  ***H.pylori* infection**    
   Positive                   187
   Negative                   58
  **High salt diet intake**   
  Positive                    118
  Negative                    127
  **Stage**                   
   I                          79
   II                         45
   III                        43
   IV                         78

Isolation and culture of leukocytes and peripheral blood mononuclear cells (PBMCs) from GC patients {#s4_2}
---------------------------------------------------------------------------------------------------

Fresh GC tissues were washed twice in RPMI 1640. Fatty, connective and necrotic tissue was removed. Tissues were minced into 1--2-mm pieces in RPMI 1640, transferred into 15- or 50-ml conical tubes, and incubated with triple enzyme digestion medium containing DNase (30 U/ml), hyaluronidase (0.1 mg/ml), and collagenase (1 mg/ml) for 2 hours at room temperature with gentle shaking. Tissues were resuspended in 10 ml RPMI 1640 and filtered through a 70-μm cell strainer (BD Pharmingen). Tissues trapped by the strainer wereplaced into individual wells containing 1 ml T-cell growth medium in a 24-well plate for isolation by T cell isolation kit (Miltenyi Biotec).

PBMCs from GC patients and normal controls were isolated by using Ficoll Paque Plus (GE), according to the manufacturer\'s instructions, and further isolated by T cell isolation kit (Miltenyi Biotec).

Quantitative real-time polymerase chain reaction (PCR) {#s4_3}
------------------------------------------------------

Reverse transcription reactions were performed using the SuperScript First-Strand Synthesis System (Invitrogen), and the RNA templates were treated with DNase to avoid genomic DNA contamination. To determine the relative level of cDNA in the reverse transcribed samples, real-time PCR analyses were performed using an Applied Biosystems 7300 Detection System. The primer sequences used for detecting SGK1 were (5′-3′) forward primer:AGGATGGGTCTGAACGACTTT and reverse primerGCCCTTTCCGATCACTTTCAAG for human SGK1, and the amplification length was 208 bp. Primer for Lnc-SGK1: Forward primer AGAGGACGCAGGAGATTGGA; Reverse primer CAAGGCTGAAGCATCTCCGTA. The amplification length was 198 bp. The primer sequences used for detecting GAPDH were (5′-3′) forward primer:TGTGGGCATCAATGGATTTGG and reverse primerACACCATGTATTCCGGGTCAAT for human GAPDH, and the amplification length was 116 bp, which served as an internal control. The primers were synthesized by Genscript. Real-time PCR reactions were performed in accordance with the instructions of the SYBR Premix Ex Taq kit (Takara). Data were normalized tothe GAPDH levels in the samples.

Immunohistochemistry {#s4_4}
--------------------

All the tissues were removed and fixed in 4% paraformaldehyde overnight at 4°C, processed, and sectioned at 5-μm thickness. The sectioned slides were stained immunohistochemically for SGK1 (purchased from Abcam) following routine protocols.

Flow cytometry determination {#s4_5}
----------------------------

For intracellular cytokine staining, cells were stimulated at 37° C for 5 hours with a Leukocyte Activation Cocktail (BD Pharmingen). Cells were then stained with surface markers, fixed, and permeabilized with IntraPre Reagent (Beckman Coulter), and finally stained with intracellular markers. Data were acquired on FACSVantage SE and analyzed with CellQuest software. Fluorochrome-conjugated monoclonal antibodies against SGK1, CD3, CD11b, INF-γ, IL-4 and IL-17A were purchased from BD Pharmingen.

Gal4-λN/BoxB reporter assay {#s4_6}
---------------------------

In this system, the BoxB RNA stem loop is fused to LOC105378009, LUNAR1 was used as a positive control \[[@R24]\]. The plasmid encoding a TK-luciferase gene under the control of five GAL4 UAS sites was co-transfected with plasmids encoding GAL4-λN peptide fused to a C-terminal GFP tag, BoxB as described above. Ranilla luciferase was regarded as control in this system. The binding of Gal4-λN fusion was confirmed firstly.

ASO technology {#s4_7}
--------------

Antisense oligonucleotides (ASOs) were designed using the IDT Antisense Design Tool ([http://www.idtdna.com](http://www.idtdna.com/)) using the chimeric 25-mer setting. The top 3 ASOs generated by the design tool were ordered and tested for knockdown efficiency for further investigation. Sequence for the control group in ASO assay was taken from Thomas Trimarchi, et al \[[@R24]\]. For ASO knockdown in BoxB tethering experiments, ASOs were co-transfected with plasmid DNA at 50 nM.

Dual-luciferase reporter assay {#s4_8}
------------------------------

T cell line Jurkat were culture in medium with IL-2 supplied. The Lnc-SGK1 promoter (either wild type or mutant type) luciferase reporter vector (pGL4 packaged) and mock pGL4 vector was added to 3×10^6^ Jurkat cells. After a 24h culture in serum-free conditions and stimuli, luciferase activity was measured by the dual luciferase assay system (Promega, WI, USA), according to the manufacturer\'s instructions. Data were normalized by the activity of Renilla luciferase.

Statistical analysis {#s4_9}
--------------------

The results are expressed as mean±SD. Comparisons between two groups were performed using Student\'s *t*test or Mann--Whitney *U* test, as appropriate. Risk score analysis was performed to investigate the effectiveness of the three-factors signature for tumor occurrence. Frequency tables and receiver operating characteristic (ROC) curves were then used to evaluate the diagnostic effects of the factors. All statistical analyses were performed using SPSS version 13.0, and two-tailed *t* tests were applied to all data unless otherwise specified, with *P* \< 0.05 considered statistically significant.
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